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HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers.
L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. [1] [2] [3] [4] [5] . A knowledge of oscillator strengths, radiative lifetimes and polarizabilities for highly excited states is often needed in these studies. All these quantities require the calculation of radial matrix elements involving highly excited levels. There exists in the literature some theoretical results, mainly conceming the oscillator strengths, but they are, in general, limited to the lowest states [6, 7] (n -10) or to some particular spectroscopic series [8] [9] [10] . Only Anderson and Zilitis [11, 12] Thus, only approximate methods can be considered for extensive calculations of radial matrix elements.
The well known Coulomb approximation [16] (here after referred as C.A.) seems to provide the best compromise between computation time and accuracy.
We will see that a proper choice of the cut-off criterion for the asymptotic expansion (see § 2) and the use of high precision subroutines allow the obtainment of the radial matrix elements even for high principal quantum number n values. We have computed all the radial matrix elements involving S, P, D and F levels of alkali atoms up to n = 28. For obvious reasons all these elements are not listed here but are available upon request from the author [17] . We report here, as an example of application, the results of calculations conceming the radiative lifetimes of highly excited (10 n 28) S, P, D and F levels of alkali atoms. Only states with n &#x3E; 10 [19] corresponding respectively to the (n, l) and (n', l') levels and n* and n*' their effective quantum numbers (n* = n -ô, ô being the quantum defect). Ap is given by where at (and at,) are coefficients that are calculated from the following equations :
It is well known that the numerical results are sensitive to the number of terms included in the summation (2.2) and that it is very difficult to give any precise justification for the choice of a given cut criterion. In their original paper [16] Bates and Damgaard used the condition (n*' + n* -p) &#x3E; 1. However, one can easily see that the first neglected term is not always small compared to the sum of the others. The behaviour of the asymptotic expansion (2.2) has been investigated for all the following series of Na, K, Rb and Cs : S +-+ P, P +-+ D, D +-+ F and F H G. When considering the sign, the same behaviour was observed : first the sign of T(p) alternates, then for some value of p the terms keep the same sign until po, the value for which the sign changes. For Na, Rb and Cs we use the cut-off criterion proposed by Bebb [18] , i.e. one terminates the series forp = po -1 and adds the average of the two following terms (of opposite sign). Thus :
In the case of potassium it is observed that T(po + 1) is always much greater than T(po), indicating that the expansion can be assumed to terminate exactly.
In this later case we use :
Our choice was confirmed by considering the very sensitive (no S -n P) oscillator strength series (see below for the calculation) for which elaborate calculations [9, 10] as well as precise determinations [8, 20] are available. The procedure chosen appears to be the most efficient when using an entirely analytical C.A. method.
For a given alkali atom the basic parameter of the C.A. method is the effective quantum number n*, which is determined from the energy levels En,l [19] .
For the lower states accurate data are available [21] [22] [23] allowing the obtainment by a numerical fit, of an extended Ritz formula :
where § is the quantum defect depending only on 1.
We solved (2 . 7) for n* and verified that the corresponding En,l values were in good agreement with those quoted in the tables of Moore [24] or, when available, with recent experimental results [25, 26] . This method provides a consistent set of energy values and eliminates some suspicious values appearing in the available tables.
3. Results and accuracy. - The calculations were performed on a CDC 7600 computer. Double precision was used, corresponding to about 27 decimal digits. The r functions were computed using the results of refs. [27, 28] . Such a high precision is required for high n values. The use of single precision limited the calculations to n 17. All the matrix elements were obtained in a time less than 100 s.
It is obvious that the accuracy of the results depends upon the En,l values used. Obtaining these from an extended Ritz formula eliminates local accidents.
The accuracy of the C.A. method has been widely discussed [7, 29] . The main cause of uncertainty is due to the choice of the cut criterion, for which no precise theoretical justification can be given. To try to avoid such a problem, numerical C.A. methods have been proposed [7, 29] . But they require computing times much greater than the present method, the accuracy of which is observed to be comparable even for the case of the very sensitive S H P series. 4 (1) The consideration of the partial sum rule (eq. (3) of ref. [8]) for the (no S-nP) series easily explains (the first term being close to unity, and the sum being unity) the extreme sensitivity of these series to cancellation effects in any method of calculation. [33] [34] [35] . We should finally like to emphasize that the usefulness of the present work lies mainly in the completeness and the self consistency of the results.
